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Amendment to the Claims: This list of claims will replace all prior versions, and listings 
claims in the application. 
List of claims: 

i. (Original) A method for manufacturing a microstructure device, whi<Hi 
includes at least one fine feature on an existing feature, using a near field scanning of 
microscope (NSOM) laser micrornachining system including an NSOM and a micro- 
laser, the method comprising the steps of: 



-ma< hin 



a) 

surface; 



providing a microstructure device preform including the existing feature 



b) profiling a portion of the top surface of the microstructure device prefoi 
the NSOM to produce a topographical image of the portion of the top surface, the poi" 
top surface selected such that the topographical image includes a representation of 
feature; 



the 



c) defining an image coordinate system, in terms of settings of the NSOM 
profiled portion of top surface of the microstructure device preform based on the tope 
image; 



d) determining coordinates of a reference point and an orientation of the fisting 
feature of the top surface of the microstructure device preform in the image coordina 
using the topographical image; 



e) aligning a probe tip of an NSOM probe of the NSOM over a portion of 
feature of the microstructure device preform using the coordinates of the reference 
the orientation of the existing feature determined in step (d); and 



f) machining the top surface of the microstructure device preform with e 
machining laser to form the at least one fine feature on the existing feature, completing 
microstructure device. 



tjical 
ing 



Dn a top 



with 
3n of the 
existing 



tt<! 



of 



03 

m 

CO 
H 

i 



: or the 
c raphical 



system 



p^int 



existing 
and 



micro- 
the 
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2, 

steps of : 



(Original) The method according to claim 1, wherein step (b) includ< 



i .<> the 



bl) selecting the portion of the top surface of the microstructure device preform to be 
profiled; 



b2) aligning the probe tip of the NSOM over a point in the selected portion 
surface of the microstructure device preform; 



cf 



b3) determining a distance between the probe tip of the NSOM and the top 
the microstructure device preform; 

b4) controlling the distance between the probe tip and the top surface such 
distance is substantially equal to a profiling distance by moving one of the NSOM prot 
microstructure device preform in a vertical direction; 



surface of 



b5) scanning the probe tip over the selected portion of the top surface whil ; 
repeating steps (b3) and (b4) to maintain the distance between the probe tip and the 
surface substantially equal to the profiling distance; 



b6) determining topographical information of the surface based on the vert c:al 
movement of the one of the NSOM probe or the microstructure device preform move<| in step 
(b4). 

3. (Original) The method according to claim 2, wherein step (bl) inclines the 



steps of: 

bla) optically imaging the top surface of the microstructure device preform 
an optical image; 

bib) identifying an area of the top surface that includes the existing feature 
optical image; 



that the 
or the 



the top 



op 



;o produce 



f rom the 
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blc) selecting the area identified in step (bib) as the portion of the top surfj^e to be 
profiled. 

4. (Original) The method according to claim 2, wherein the step of dete rmining 
the distance between the probe tip and the top surface of the microstructure device inform 
includes detecting an atomic force between the probe tip and the top surface, 

5. (Original) The method according to claim 2, wherein step (b3) inclines the 
steps of; 

b3a) generating a periodic oscillation of the NSOM probe of the NSOM in theRertical 
direction; 

b3b) detecting at least one of; 

a period of the periodic oscillation of the NSOM probe; or 

an amplitude of the periodic oscillation of the NSOM probe; and 



b3c) determining the distance between the probe tip and the top surface ba 
changes in the at least one of the period or the amplitude of the periodic oscillation 
step (b3b). 



pro ) » 



or the 
l6p surface 



6. (Original) The method according to claim 2, wherein the step of controlling 
the distance between the probe tip and the top surface of the microstructure device Reform 
includes using a Z motion stage to control a vertical position of one of the NSOM 
microstructure device preform based on the distance between the probe tip and the 
determined in step (b3). 

7. (Original) The method according to claim 2 r wherein: 
the profiling distance is in the range of up to about 50nm; and 



<)5US 



>d on 
detected in 
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the distance between the probe tip of the NSOM and the top surface of the 
microstructure device preform is controlled in step (b4) with a tolerance of less than 



8. (Original) The method according to claim 2, wherein step (b5) Indl c es 

b5a) moving the probe tip back and forth across the selected portion in a fin t 
horizontal direction to perform a plurality of passes; and 



b5b) moving the probe tip a predetermined distance in a second horizontal 
between each consecutive pair of passes, the second horizontal direction being 
the first horizontal direction, thereby scanning the selected portion of the top surface 



c I 



ection 
different from 



he 



9. (Original) The method according to claim 1, wherein the image cocffiinate 
system includes X, Y, and Z coordinates for the profiled portion of the top surface of i 
microstructure device preform, the X, Y, and Z coordinates being respectively scaled 
corresponding X, Y, and 2 settings of the NSOM determined in step (b). 

10. (Original) The method according to claim 1, wherein: 
step (d) further includes the steps of; 

dl) determining coordinates of two calibration points of the top 
microstructure device preform in the image coordinate system using the topo^j-aphical 
image, the two calibration points being a predetermined distance apart; and 

d2) calculating a conversion factor between the image coordinate s^tem and 
a spatial coordinate system of the microstructure device preform; and 



aligning the probe tip of the NSOM over the portion of the existing feature in 
further includes using the conversion factor between the image coordinate system ar 
spatial coordinate system determined in step (d2). 



11. 
steps of: 



(Original) The method according to claim 1, wherein step (e) inclu I ?s the 
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el) aligning the probe tip horizontally over a portion of the existing feature 
microstructure device preform; and 



of the 



e2) controlling the distance between the probe tip and the top surface of Uie 
microstructure device preform to be substantially a machining distance based on the 
topographical image of the portion of the top surface of the microstructure device preftrm and 
the image coordinate system. 



qreform to 
ortical 



12. (Original) The method according to claim 11, wherein the step of controlling 
the distance between the probe tip and the top surface of the microstructure device 
be substantially the machining distance includes using a Z motion stage to control a 
position of one of the NSOM probe or the microstructure device preform. 

13. (Original) The method according to claim 11, wherein: 

the machining distance is in a range of up to half of a peak wavelength of ligh 
generated by the micro-machining laser; and 



the distance between the probe tip of the NSOM probe and the top surface of 
microstructure device preform is controlled in step (e2) with a tolerance of less than 



14. (Original) The method according to claim 1, wherein step (f) induq&Js the 
steps of: 

fl) using the micro-machining laser to generate pulses of laser light; 

f2) coupling the pulses of laser light into the NSOM probe; 



f3) coupling a near-field mode portion of the pulses of laser light through 
tip of the NSOM probe and onto the portion of the existing feature of the microstruct 
preform over which the probe tip is aligned to machine the top surface of the m 
device preform in the portion of the existing feature over which the probe tip is align 



He 
nm. 



he probe 
re device 



icrosl ructure 



and 
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f4) aligning the probe tip over another portion of the existing feature and 
steps fl, f2, f3, and f4 until the microstrueture device is completed. 

15. (Original) The method according to claim 14, wherein: 

the micro-machining laser includes a laser oscillator and an attenuator; and 

step (fl) includes the steps of: 



fla) using the laser oscillator to generate initial pulses of laser light f 
initial fluence; and 



n peating 



aser 
eld 



fib) using the attenuator to control the fluence of the initial pulses 01 
light, thereby producing the pulses of laser light having a predetermined near-F 
machining fluence. 

16. (Original) The method according to claim 14, wherein: 



the micro-machining laser includes a laser oscillator and a polarization control^r; and 
step (fl) includes the steps of: 

fla) using the laser oscillator to generate initial pulses of laser light Jiving an 
initial polarization; and 



fib) using the polarization controller to adjust the initial polarization 
initial pulses of laser light to a substantially circular polarization. 

17. (Original) The method according to claim 14, wherein: 

the micro-machining laser includes a laser oscillator to generate the pulses of 
in step (fl) and a shutter to control emission of the pulses; and 



step (f4) includes the steps of: 
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microstruzcure 



f4a) moving the at least one of the NSOM probe or the microstructur^ 
preform to scan the probe tip over a region of the top surface of the 
device preform including portions of the existing feature in which the at least 
feature is to be machined; 



c ne 



f4b) opening the shutter when the probe tip is scanned over the port ions of the 
existing feature in which the at least one fine feature is to be machined, there >|/ 
allowing machining of the at least one fine feature? and 



<35US 



f4c) closing the shutter when the probe tip is scanned over other 
scanned region of the top surface of the microstructure device preform, thereof 
preventing machining of the other areas of the scanned region. 



arc t is of the 



18. (Original) The method according to claim 1, wherein machining the 
surface of the microstructure device preform in step (f) includes at least one of: 

ablating device material of the microstructure device preform in the portion ol 
existing feature over which the probe tip is aligned; 



laser-assisted chemical vapor depositing deposition material on the top surface of the 
microstructure device preform in the portion of the existing feature over which the pfobe tip is 
aligned; 

exposing photoresist on the top surface of the microstructure device preform r|i the 
portion of the existing feature over which the probe tip is aligned; 

changing an index of refraction of the device material of the microstructure du 
preform in the portion of the existing feature over which the probe tip is aligned; 



altering a lattice structure of the device material of the microstructure device [preform in 
the portion of the existing feature over which the probe tip is aligned; or 



microstructure c evice 



changing a chemical composition of the device material of the mi 
preform in the portion of the existing feature over which the probe tip is aligned 
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19. (Original) The method according to claim 1, wherein the micro-mac r Ining 
laser is one of an ultrafast laser, a pulsed solid state laser, a pulsed dye laser, a micrc[<|;hip 
laser, a pulsed C0 2 laser, or an exclmer laser. 

20. (Withdrawn) The method according to claim 1, wherein the microstruct jre 
device to. be manufactured is at least one of a microstructure mold, a quantum celluk 
automaton, a coupled quantum dot device, a resonant tunneling device, a multifuncti 
array, a diffractive optical element, a beam shaper, a microlens array, an optical diffL 
beam splitter, a laser diode corrector, a fine pitch grating, a photonic crystal, a micro 
mechanical system, micro-circuitry, a polymerase chain reaction microsystem, a 
detection of hazardous chemical and biological agents, a high-throughput drug 
selection microsystem, a micro-surface-acoustic- wave device, or a micro- mechanical oscillator, 

21. (Original) The method according to claim 1, wherein: 



)n optical 
ser, a 
ilectrical- 
biocfifp for 
screertilng and 



the microstructure device to be manufactured is a micro-mechanical oscillator 



a resonance spectrum of the micro-mechanical oscillator is tuned by the at le^4t one fine 
feature machined on the existing feature, 

22* (Original) The method according to claim 21, wherein: 

step (a) Includes the steps of; 

al) activating the micro-mechanical oscillator; 

a2) determining an initial resonance spectrum of the micro-mechan|<tal 
oscillator; 

a3) comparing the Initial resonance spectrum determined in step (eft) to a 
predetermined resonance spectrum; and 

a4) determining a desired shape on the existing feature of the at legist one 
fine feature based on the comparison in step (a3); and 
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step (f) includes machining the at least one fine feature to have the desired shftpe on 
the existing feature determined in step (a4) with the micro-machining laser. 



<>5US 



23. (Original) The method according to claim 1, wherein: 
the microstructure device to be manufactured is a photonic crystal; 
the at least one fine feature to be machined is a defect; and 

a transmission spectrum of the photonic crystal is tuned by the defect. 

24. (Original) The method according to claim 23, wherein: 



step (a) includes the steps of; 



al) determining the transmission spectrum of the photonic crystal; 

a2) comparing the transmission spectrum determined in step (al) I 
predetermined transmission spectrum; and 

a3) determining a shape of the defect and a defect location based cH the 
comparison in step (a2); and 



step (f) includes machining the defect at the defect location and having the sr 
determined in step (a3). 



icrostrucH res 



25. (Original) A method for mass customizing a plurality of mi 
a near field scanning optical microscope (IMSOM) laser micromachining system includ 
NSOM and a micro-machining laser, each microstructure having at least one of a 
customization features, the method comprising the steps of: 



p!ui c l 



a) providing a plurality of microstructure preforms, each microstructure p^form 
including a top surface and an existing feature on the top surface; 



Epe 



with 
*1»g an 
ity of 
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b) selecting a microstructure preform from the plurality of microstructure 
and at least one customization feature from the plurality of customization features, 
one customization feature to be located on the existing feature; 

c) mounting the selected microstructure preform in the NSOM; 



> reforms 



the 



d) profiling a portion of the top surface of the selected microstructure prek 
the NSOM to produce a topographical image of the portion of the top surface, the por: 
top surface selected such that the topographical image includes a representation of tfl£ 
feature; 



e) defining an image coordinate system, in terms of settings of the NSOMl for the 
profiled portion of top surface of the selected microstructure preform based on the 
topographical image; 

f) determining coordinates of a reference point and an orientation of the fekisting 
feature of the top surface of the selected microstructure preform in the image coordi^te 
system using the topographical image; 

g) aligning a probe tip of an NSOM probe of the NSOM over a portion of tlfe existing 
feature of the selected microstructure preform using the coordinates of the reference] point and 
the orientation of the existing feature determined in step (f); 



tpe micro- 
brm a 



h) machining the top surface of the selected microstructure preform with 
machining laser to form the at least one customization feature selected in step (b) to 
customized microstructure; and 

i) repeating steps (b), (c), (d), (e), (f), (g), and (h) for each of the plura i^y of 
microstructure preforms provided in step (a). 

26. (Original) The method according to claim 25, wherein step (d) includes the 
steps of; 
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dl) selecting the portion of the top surface of the selected microstructure pj-^form to 
be profiled; 

d2) aligning the probe tip of the NSOM over a point in the selected portion |>f the top 
surface of the selected microstructure preform; 

d3) determining a distance between the probe tip of the NSOM and the top Surface of 
the selected microstructure preform; 

d4) controlling the distance between the probe tip and the top surface sucrj that the 
distance is substantially equal to a profiling distance by moving one of the NSOM proj^ or the 
selected microstructure preform in a vertical direction; 



d5) scanning the probe tip over the selected portion of the top surface whil 
repeating steps (d3) and (d4) to maintain the distance between the probe tip and the 
surface substantially equal to the profiling distance; 



d6) determining topographical information of the surface based on the vert cal 
movement of the one of the NSOM probe or the selected microstructure preform mov|4d in step 
(d4). 

27. (Original) The method according to claim 26, wherein step (dl) inc udes the 
steps of: 

dla) optically imaging the top surface of the selected microstructure preform to 
produce an optical image; 



dlb) identifying an area of the top surface that includes the existing feature 
optical image; 



die) selecting the area identified in step (bib) as the portion of the top surf ice to be 



profiled. 



:op 



from the 
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28. (Original) The method according to claim 26, wherein the step of determining 
the distance between the probe tip and the top surface of the selected mlcrostructure preform 
includes detecting an atomic force between the probe tip and the top surface. 



29. (Original) The method according to claim 26, wherein step (d3) ir 
steps of: 



d3a) generating a periodic oscillation of the NSOM probe of the NSOM in the 
direction; 

d3b) detecting at least one of; 

a period of the periodic oscillation of the NSOM probe; or 

an amplitude of the periodic oscillation of the NSOM probe; and 

d3c) determining the distance between the probe tip and the top surface ba< 
changes in the at least one of the period or the amplitude of the periodic oscillation d< s 
step (d3b). 



ind jdes the 



30. (Original) The method according to claim 26, wherein the step of o ntrolling 
the distance between the probe tip and the top surface of the selected mlcrostructure preform 
includes using a Z motion stage to control a vertical position of one of the NSOM profc e or the 
selected microstructure preform based on the distance between the probe tip and th^fop 
surface determined in step (d3). 

31. (Original) The method according to claim 26, wherein: 
the profiling distance is in the range of up to about SOnm; and 

the distance between the probe tip of the NSOM and the top surface of the selected 
microstructure preform is controlled in step (d4) with a tolerance of less than 5nm. 

32. (Original) The method according to claim 26, wherein step (d5) incjjides: 
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d5a) moving the probe tip back and forth across the selected portion in a fir^l 
horizontal direction to perform a plurality of passes; and 



ci 



d5b) moving the probe tip a predetermined distance in a second horizontal 
between each consecutive pair of passes, the second horizontal direction being differ4nt 
first horizontal direction, thereby scanning the selected portion of the top surface. 



33. (Original) The method according to claim 25, wherein the image coordinate 
system includes X, Y, and Z coordinates for the profiled portion of the tap surface of the 
selected microstructure preform, the X, Y, and 2 coordinates being respectively scalep to 
corresponding X, Y f and 2 settings of the NSOM determined in step (d), 

34. (Original) The method according to claim 25, wherein: 

step (f) further includes the steps of? 

fl) determining coordinates of two calibration points of the top surffebe of the 
selected microstructure preform in the image coordinate system using the topppraphical 
image, the two calibration points being a predetermined distance apart; and 

f2) calculating a conversion factor between the image coordinate s^tem and 
a spatial coordinate system of the selected microstructure preform; and 



aligning the probe tip of the NSOM over the portion of the existing feature in 
further includes using the conversion factor between the image coordinate system 
spatial coordinate system determined in step (f2). 



and 



35. 
steps of: 



(Original) The method according to claim 25, wherein step (g) inch <les the 



gl) aligning the probe tip horizontally over a portion of the existing feature 
selected microstructure preform; and 



recti on 
the 



#P (9) 
the 



Df the 
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g2) controlling the distance between the probe Up and the top surface of th i 
microstructure preform to be substantially a machining distance based on the 
image of the portion of the top surface of the selected microstructure preform and the 
coordinate system. 



topographical 



mage 



ing 
preform 
vertical 



36. (Original) The method according to claim 35, wherein the step of ceHtroll 
the distance between the probe tip and the top surface of the selected microstructure 
to be substantially the machining distance includes using a Z motion stage to control 
position of one of the NSOM probe or the selected microstructure preform. 

37. (Original) The method according to claim 35, wherein: 

the machining distance is in a range of up to half of a peak wavelength of light 
generated by the micro-machining laser; and 

the distance between the probe tip of the NSOM probe and the top surface of tltfe 
selected microstructure preform is controlled in step (g2) with a tolerance of less thai[ 5nm. 

38. (Original) The method according to claim 25, wherein step (h) inclines the 
steps of: 

hi) using the micro-machining laser to generate pulses of laser light; 
h2) coupling the pulses of laser light into the NSOM probe; 

h3) coupling a near-field mode portion of the pulses of laser light through tfje probe 
tip of the NSOM probe and onto the portion of the existing feature of the selected 
microstructure preform over which the probe tip is aligned to machine the top surface i of the 
selected microstructure preform in the portion of the existing feature over which the ppbe tip 
is aligned; and 

h4) aligning the probe tip over another portion of the existing feature and ^peating 
steps hi, h2, h3, and h4 until the customized microstructure is completed. 
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39. (Original) The method according to claim 38, wherein: 
the micro-machining laser includes a laser oscillator and an attenuator; and 
step (hi) includes the steps of: 

hla) using the laser oscillator to generate initial pulses of laser light 
initial fluence; and 

hlb) using the attenuator to control the fluence of the initial pulses ol 
light, thereby producing the pulses of laser light having a predetermined near-p|eld 
machining fluence. 

40. (Original) The method according to claim 38, wherein: 

the micro-machining laser includes a laser oscillator and a polarization controller; and 

step (hi) includes the steps of: 

hla) using the laser oscillator to generate initial pulses of laser light Having an 
initial polarization; and 



hlb) using the polarization controller to adjust the initial polarization 
initial pulses of laser light to a substantially circular polarization. 

41- (Original) The method according to claim 38, wherein: 

the micro- machining laser includes a laser oscillator to generate the pulses of 
in step (hi) and a shutter to control emission of the pulses; and 

step (h4) includes the steps of: 



h4a) moving the at least one of the NSOM probe or the selected 
preform to scan the probe tip over a region of the top surface of the selected 
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microstructure preform including machining portions of the existing feature in[/yhich the 
at least one customization feature selected in step (b) is to be machined; 

h4b) opening the shutter when the probe tip is scanned over the madlining 
portions of the existing feature, thereby allowing machining of the at least one 
customization feature selected in step (b); and 

h4c) closing the shutter when the probe tip is scanned over other ardsjs of the 
scanned region of the top surface of the selected microstructure preform, therppy 
preventing machining of the other areas of the scanned region. 



42. (Original) The method according to claim 25, wherein machining 
surface of the selected microstructure preform in step (h) includes at least one of: 



thE 



ablating device material of the selected microstructure preform in the portion 
existing feature over which the probe tip is aligned; 



laser-assisted chemical vapor depositing deposition material on the top surfac i 
selected microstructure preform in the portion of the existing feature over which the 
is aligned; 



exposing photoresist on the top surface of the selected microstructure prefbrn 
portion of the existing feature over which the probe tip is aligned; 



changing an index of refraction of the device material of the selected microstrflfcture 
preform in the portion of the existing feature over which the probe tip is aligned; 



altering a lattice structure of the device material of the selected microstructunj 
in the portion of the existing feature over which the probe tip is aligned; or 



changing a chemical composition of the device material of the selected microsHucture 
preform in the portion of the existing feature over which the probe tip is aligned. 



top 



the 



of the 
>l"obe tip 



in the 



preform 
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43. (Original) The method according to claim 25, wherein the micro-m 
laser is one of an ultrafast laser, a pulsed solid state laser, a pulsed dye laser, a micn}<(:hip 
laser, a pulsed CO* laser, or an excimer laser. 



44. (Withdrawn) The method according to claim 25, wherein the plurality 
microstructures to be mass customized include at least one of a microstructure mold, 
quantum cellular automaton, a coupled quantum dot device, a resonant tunneling 
multifunction optical array, a diffractive optical element, a beam shaper, a microlens 
optical diffuser, a beam splitter, a laser diode corrector, a fine pitch grating, a photon)^ 
a micro-electrical-mechanical system, micro-circuitry, a polymerase chain reaction 
microsystem, a biochip for detection of hazardous chemical and biological agents, a 
throughput drug screening and selection microsystem, a micro-surface-acoustic-wavt 
or a micro-mechanical oscillator. 



device 



< canning 
c ro- 



45, (Original) A method for repairing a microstructure with a near field 
optical microscope (NSOM) laser micromachining system including an NSOM and a m 
machining laser, the microstructure including a defect on a top surface, the method comprising 
the steps of: 

a) mounting the defective microstructure in the NSOM; 

b) profiling a portion of the top surface of the defective microstructure witH the 
NSOM to produce a topographical image of the portion of the top surface, the portion of the top 
surface selected such that the topographical image includes a representation of the d rect; 

c) defining an image coordinate system, in terms of settings of the NSOM for the 
profiled portion of top surface of the defective microstructure based on the topograph i pa I 
image; 

d) determining coordinates of the defect of the top surface of the defectiv 
microstructure in the image coordinate system using the topographical image 



chining 



v a 
rray, an 
crystal, 



device, 
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e) aligning a probe tip of an NSOM probe of the NSOM over a portion of th 
of the defective microstructure using the coordinates of the defect determined in step 



f) machining the top surface of the defective microstructure with the mien? 
machining laser to repair the defect of the defective microstructure. 

46. (Original) The method according to claim 45, wherein step (b) includes the 
steps of: 



bl) selecting the portion of the top surface of the defective microstructure 
profiled; 

b2) aligning the probe tip of the NSOM over a point in the selected portion 
surface of the defective microstructure; 

b3) determining a distance between the probe tip of the NSOM and the top 
the defective microstructure; 



b4) controlling the distance between the probe tip and the top surface such that the 
distance is substantially equal to a profiling distance by moving one of the NSOM prot|£ or the 
defective microstructure in a vertical direction; 



b5) scanning the probe tip over the selected portion of the top surface whil 
repeating steps (b3) and (b4) to maintain the distance between the probe tip and the 
surface substantially equal to the profiling distance; 



b6) determining topographical information of the surface based on the vert cal 
movement of the one of the NSOM probe or the defective microstructure moved in st 



47. 
steps of: 



? (b4). 



(Original) The method according to claim 46 f wherein step (bl) inc udes the 



bla) optically imaging the top surface of the defective microstructure to pro 1 
1 optical image; 
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bib) identifying an area of the top surface that includes the defect from the ||>tical 

image; 

blc) selecting the area identified in step (bib) as the portion of the top surf^e to be 
profiled. 



48. (Original) The method according to claim 46, wherein the step of 
the distance between the probe tip and the top surface of the defective microstructun! 
detecting an atomic force between the probe tip and the top surface. 



d< term 



49. (Original) The method according to claim 46, wherein step (b3) 
steps of: 



nc ides the 



b3a) generating a periodic oscillation of the NSOM probe of the NSOM in thehjertical 
direction; 

b3b) detecting at least one of; 

a period of the periodic oscillation of the NSOM probe; or 

an amplitude of the periodic oscillation of the NSOM probe; and 



b3c) determining the distance between the probe tip and the top surface 
changes in the at least one of the period or the amplitude of the periodic oscillation 
step (b3b). 



cn 



itrolling 
indudes 
defective 
in 



50. (Original) The method according to claim 46, wherein the step of 
the distance between the probe tip and the top surface of the defective microstructur^ 
using a Z motion stage to control a vertical position of one of the NSOM probe or the 
microstructure based on the distance between the probe tip and the top surface detefrjnined 
step (b3). 

51. (Original) The method according to claim 46, wherein: 
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the profiling distance is in the range of up to about 50nm; and 

the distance between the probe tip of the NSOM and the top surface of the defective 
microstructure is controlled in step (b4) with a tolerance of less than 5nm. 



52. (Original) The method according to claim 45, wherein step (bS) inc 



udes: 



b5a) moving the probe tip back and forth across the selected portion in a fir|l 
horizontal direction to perform a plurality of passes; and 

b5b) moving the probe tip a predetermined distance in a second horizontal direction 
between each consecutive pair of passes, the second horizontal direction being difffenAt from 
the first horizontal direction, thereby scanning the selected portion of the top surface 

53. (Original) The method according to claim 45 f wherein the image coordinate 
system includes X, Y, and Z coordinates for the profiled portion of the tap surface of It e 
defective microstructure, the X, Y, and Z coordinates being respectively scaled to corresponding 
X, Y, and Z settings of the NSOM determined in step (b). 

54. (Original) The method according to claim 45, wherein: 

step (d) further includes the steps of; 

dl) determining coordinates of two calibration points of the top surf see of the 
defective microstructure in the image coordinate system using the topographs al image, 
the two calibration points being a predetermined distance apart; and 

d2) calculating a conversion factor between the image coordinate s^tem and 
a spatial coordinate system of the defective microstructure; and 

aligning the probe tip of the NSOM over the portion of the defect in step (e) ftrjther 
includes using the conversion factor between the image coordinate system and the s^tial 
coordinate system determined in step (d2). 
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55. 
steps of: 



(Original) The method according to claim 45, wherein step (e) inclui I ;s the 



el) aligning the probe tip horizontally over a portion of the defect; and 

e2) controlling the distance between the probe tip and the top surface of th 
defective mierostructure to be substantially a machining distance based on the topogr *|phical 
image of the portion of the top surface of the defective mierostructure and the image 
coordinate system. 



to be 
da! 



56, (Original) The method according to claim 55, wherein the step of controlling 
the distance between the probe tip and the top surface of the defective microstructun; 
substantially the machining distance includes using a Z motion stage to control a vert 
position of one of the NSOM probe or the defective mierostructure. 

57. (Original) The method according to claim 55, wherein: 

the machining distance Is in a range of up to half of a peak wavelength of light 
generated by the micro-machining laser; and 



the distance between the probe tip of the NSOM probe and the top surface of 
defective mierostructure is controlled in step (e2) with a tolerance of less than Snm. 



58. (Original) TTie method according to claim 45, wherein step (f) indup|es the 
steps of: 

fl) using the micro-machining laser to generate pulses of laser light; 

f2) coupling the pulses of laser light into the NSOM probe; 



f3) coupling a near-field mode portion of the pulses of laser light through 
tip of the NSOM probe and onto the portion of the defect of the defective microstructA^e 
which the probe tip is aligned to machine the top surface of the defective microstruct 
portion of the defect over which the probe tip is aligned; and 
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f4) aligning the probe tip over another portion of the defect and repeating j^eps fl, 
f2, f3, and f4 until the microstructure is repaired, 

59. (Original) The method according to claim 58, wherein: 

the micro-machining laser includes a laser oscillator and an attenuator; and 

step (fl) includes the steps of: 



fla) using the laser oscillator to generate initial pulses of laser light 
fluence; and 



c ii initial 



aser 



fib) using the attenuator to control the fluence of the initial pulses o 
light, thereby producing the pulses of laser light having a predetermined near-jT eld 
machining fluence. 

60. (Original) The method according to claim 58, wherein: 

the micro-machining laser includes a laser oscillator and a polarization controlj^r; and 

step (fl) includes the steps of: 

fla) using the laser oscillator to generate initial pulses of laser light living an 
initial polarization; and 



fib) using the polarization controller to adjust the initial polarization 
initial pulses of laser light to a substantially circular polarization. 

61. (Original) The method according to claim 58, wherein: 

the micro-machining laser includes a laser oscillator to generate the pulses of 
in step (fl) and a shutter to control emission of the pulses; and 



step (f4) includes the steps of: 
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f4a) moving the at (east one of the NSOM probe or the defective 
mlcrostructure to scan the probe tip over a region of the top surface of the de^ctive 
microstructure including the defect; 



f4b) opening the shutter when the probe tip is scanned over the 
thereby allowing machining of the defect; and 



def€ct 



f4c) closing the shutter when the probe tip is scanned over other anijs of the 
scanned region of the top surface of the defective microstructure, thereby pre 1 anting 
machining of the other areas of the scanned region. 



62. (Original) The method according to claim 45, wherein machining 
surface of the defective microstructure in step (f) includes at least one of: 



the 



ablating device material of the defective microstructure in the portion of the dfefect over 
which the probe tip is aligned; 

laser-assisted chemical vapor depositing deposition material on the top surfao: of the 
defective microstructure in the portion of the defect over which the probe tip is aligne c 



exposing photoresist on the top surface of the defective microstructure in the 
the defect over which the probe tip is aligned; 



changing an index of refraction of the device material of the defective microstjijcture in 
the portion of the defect over which the probe tip is aligned; 



altering a lattice structure of the device material of the defective microstructuje: 
portion of the defect over which the probe tip is aligned; or 



changing a chemical composition of the device material of the defective microitfructure 
in the portion of the defect over which the probe tip is aligned. 



top 



portion of 



in the 
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63. (Original) The method according to claim 45, wherein the micro-nru chining 
laser is one of an ultrafast laser, a pulsed solid state laser, a pulsed dye laser, a micr^hip 
laser, a pulsed CO* laser, or an excimer laser. 



64. (Withdrawn) The method according to claim -145, wherein the 
be repaired is at least one of a microstructure mold, a quantum cellular automaton, a 
quantum dot device, a resonant tunneling device, a multifunction optical array, a diffic 
optical element, a beam shaper, a microlens array, an optical diffuser, a beam splitte 
diode corrector, a fine pitch grating, a photonic crystal, a micro-electricahmechanical 
micro-circuitry, a polymerase chain reaction microsystem, a biochip for detection of 
chemical and biological agents, a high-throughput drug screening and selection 
micro-surface-acoustic-wave device, or a micro-mechanical oscillator. 

65. (Original) The method according to claim 45, wherein: 
the microstructure to be repaired includes micro-circuitry; 



microstfiicture to 
(foupled 
ctive 
a laser 
System, 
hazardous 
micrc system, a 



the defect is a short circuit; and 

the step of machining the top surface of the defective micro-circuitry in step 
ablating device material that forms the short circuit. 



on 



66. (Original) A method for laser machining a predetermined feature 
of a microstructure device preform, using a near field scanning optical microscope (Nf> pM) 
micromachinmg system including an NSOM and a micro-machining laser, the method 
comprising the steps of: 



a) laser machining the surface of the microstructure device preform to 
preliminary feature; 



b) profiling a portion of the surface of the microstructure device preform vl th the 
NSOM to produce a topographical image of the portion of the surface, the portion of t re surface 
selected such that the topographical image includes a representation of the preliminary feature; 
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c) comparing the representation of the preliminary feature in the topographical 
image to a predetermined feature representation; 



d) determining machining modifications of the preliminary feature needed 
the predetermined feature from the preliminary feature based on the comparison in 



e) laser machining the surface of the microstructure device preform to mbldify the 
preliminary feature based on the machining modifications determined in step (d); and 

f) repeating steps (b), (c), (d), and (e) until the representation of the preliminary 
feature substantially matches the predetermined feature representation. 



i:o form 
ap (c); 



67. 
steps of: 



(Original) The method according to claim 66, wherein step (b) inch <Ies the 



bl) selecting the portion of the surface of the microstructure device prefbrrjn 
profiled; 



b2) aligning the probe tip of the IMSOM over a point in tlie selected portion 
surface of the microstructure device preform; 



>f the 



b3) determining a distance between the probe tip of the NSOM and the surface of the 
microstructure device preform; 

b4) controlling the distance between the probe tip and the surface such that the 
distance is substantially equal to a profiling distance by moving one of the NSOM prolfp or the 
microstructure device preform in a vertical direction; 

b5) scanning the probe tip over the selected portion of the surface while relating 
steps (b3) and (b4) to maintain the distance between the probe tip and the surface 
substantially equal to the profiling distance; 



to be 
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b6) determining topographical information of the surface based on the vert cal 
movement of the one of the NSOM probe or the microstructure device preform move( in step 
(b4). 

68. (Original) The method according to claim 67, wherein the step of determining 
the distance between the probe tip and the surface of the microstructure device prefqnr» 
includes detecting an atomic force between the probe tip and the surface. 



69. 
steps of: 



(Original) The method according to claim 67, wherein step (b3) inc 



b3a) generating a periodic oscillation of the NSOM probe of the NSOM in the 
direction; 

b3b) detecting at least one of; 

a period of the periodic oscillation of the NSOM probe; or 

an amplitude of the periodic oscillation of the NSOM probe; and 



b3c) determining the distance between the probe tip and the surface based m 
changes in the at least one of the period or the amplitude of the periodic oscillation detected in 
step (b3b). 

70- (Original) The method according to claim 67, wherein the step of cdAtrolling 
the distance between the probe tip and the surface of the microstructure device prefon 
includes using a Z motion stage to control a vertical position of one of the NSOM probe or the 
microstructure device preform based on the distance between the probe tip and the surface 
determined in step (b3). 

71. (Original) The method according to claim 67, wherein: 

the profiling distance is in the range of up to about 50nm; and 
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the distance between the probe tip of the NSOM and the surface of the micros 
device preform is controlled in step (b4) with a tolerance of less than 5nm. 



72. (Original) The method according to claim 67, wherein step (b5) inc udes 

b5a) moving the probe tip back and forth across the selected portion in a firf : 
horizontal direction to perform a plurality of passes; and 

bSb) moving the probe tip a predetermined distance in a second horizontal direction 
between each consecutive pair of passes, the second horizontal direction being diffenjifrt from 
the first horizontal direction, thereby scanning the selected portion of the surface. 

73. (Original) The method according to claim 66, wherein step (c) incl Jcjes the 
steps of: 



cl) defining an image coordinate system, in terms of settings of the NSOM 
profiled portion of surface of the microstructure device preform based on the topogra 
image; 



c2) determining coordinates of a reference point and an orientation of the (eliminary 
feature in the image coordinate system using the topographical image; 

c3) transforming the predetermined feature representation to the image coordinate 
system using the coordinates of the reference point and the orientation of the prelimifipry 
feature; and 

c4) comparing the representation of the preliminary feature to the transformed 
predetermined feature representation in the image coordinate system. 

74. (Original) The method according to claim 66, wherein: 

laser machining the surface of the microstructure device preform in step (a) infcjudes 
ablating device material of the microstructure device preform; 
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step (d) includes the steps of: 

dl) identifying regions of the preliminary feature in which a surface njeight in 
the representation of the preliminary feature is greater than a corresponding ilrface 
height in the predetermined feature representation; 

d2) determining differences between the surface height in the representation 
of the preliminary feature and the corresponding surface height in the predete cnined 
feature representation in the regions identified in step (dl); and 



d3) determining the machining modifications to be ablating amounts 
device material of the microstructure device preform equal to the differences 
in step (d2) in the regions of the preliminary feature identified in step (dl); art 



3f the 



c€termined 



laser machining the surface of the microstructure device preform to modify thi 
preliminary feature based on the machining modifications includes ablating the amounts of 
device material of the microstructure device preform in the identified regions of the p <iliminary 
feature determined in step (d3). 

75- (Original) The method according to claim 66, wherein: 

laser machining the surface of the microstructure device preform in step (a) in: udes 
laser-assisted chemical vapor depositing deposition material on the surface of the 
microstructure device preform; 

step (d) includes the steps of: 

dl) identifying regions of the preliminary feature in which a surface Ifeight in 
the representation of the preliminary feature is less than a corresponding surf^cje height 
in the predetermined feature representation; 



d2) determining differences between the corresponding surface heigfc 
predetermined feature representation and the surface height in the represents i 
preliminary feature in the regions Identified in step (dl); and 
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d3) determining the machining modifications to be laser-assisted ch j-nical 
vapor depositing amounts of the deposition material on surface of the mtcrostri cture 
device preform equal to the differences determined in step (d2) in the regions qf the 
preliminary feature identified in step (dl); and 

laser machining the surface of the microstru cture device preform to modify th< 
preliminary feature based on the machining modifications includes laser-assisted chenical 
vapor depositing the amounts of deposition material on the identified regions of the p^liminary 
feature determined in step (d3). 

76. (Original) The method according to claim 66, wherein step (e) inclines the 
steps of: 

el) aligning the probe tip horizontally over a portion of the preliminary feature to be 
modified; and 

e2) controlling the distance between the probe tip and the surface of the 
microstructure device preform to be substantially a machining distance based on the 
topographical image of the portion of the surface of the microstructure device prefornji and the 
machining modifications determined in step (d) 

77. (Original) The method according to claim 76, wherein the step of cdrjitrolling 
the distance between the probe tip and the surface of the microstructure device prefon to be 
substantially the machining distance includes using a Z motion stage to control a vert c al 
position of one of the NSOM probe or the microstructure device preform. 

78. (Original) The method according to claim 76, wherein: 

the machining distance is in a range of up to half of a peak wavelength of light 
generated by the micro-machining laser; and 



the distance between the probe tip of the NSOM probe and the surface of the 
microstructure device preform is controlled in step (e2) with a tolerance of less than 
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79. (Original) The method according to claim 66, wherein step (e) includes the 
steps of: 

el) using the micro-machining laser to generate pulses of laser light; 

e2) coupling the pulses of laser light into the IMSOM probe; 

e3) coupling a near-field mode portion of the pulses of laser light through tfcfe probe 
tip of the NSOM probe and onto the portion of the preliminary feature of the jnicrostn cture 
device preform over which the probe tip is aligned to machine the surface of the micro structure 
device preform in the portion of the preliminary feature over which the probe tip is alined; and 

f4) aligning the probe tip over another portion of the preliminary feature ar|<|l 
repeating steps fl, f2, f3, and f4 until the machining modifications are complete. 

80. (Original) The method according to claim 79, wherein: 

the micro-machining laser includes a laser oscillator and an attenuator; and 

step (fl) includes the steps of: 

fla) using the laser oscillator to generate initial pulses of laser light r ^ving an 
initial fluence; and 

fib) using the attenuator to control the fluence of the initial pulses oh laser 
light, thereby producing the pulses of laser light having a predetermined near-Held 
machining fluence. 

81. (Original) The method according to claim 79, wherein: 
the micro-machining laser includes a laser oscillator and a polarization control bh and 



step (fl) includes the steps of: 
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fla) using the laser oscillator to generate initial pulses of laser iight ^ving an 
initial polarization; and 

fib) using the polarization controller to adjust the initial polarization \>f the 
initial pulses of laser light to a substantially circular polarization. 

82. (Original) The method according to claim 79, wherein: 

the micro-machining laser includes a laser oscillator to generate the pulses of jqser light 
In step (fl) and a shutter to control emission of the pulses; and 

step (f4) includes the steps of: 



f4a) moving the at least one of the NSOM probe or the microstructur ? 
preform to scan the probe tip over a region of the surface of the microstructur? 
preform including portions of the preliminary feature to be modified; 



f4b) opening the shutter when the probe tip is scanned over the portj^ns of the 
preliminary feature to be modified; and 



are = 



f4c) closing the shutter when the probe tip is scanned over other \ 
scanned region of the surface of the microstructure device preform, thereby pj^venting 
machining of the other areas of the scanned region. 

83. (Original) The method according to claim 66, wherein the micro-miihining 
laser is one of an ultrafast laser, a pulsed solid state laser, a pulsed dye laser, a mic4f hip 
laser, a pulsed C0 2 laser, or an excimer laser. 



84. (New) The method according to claim 1, wherein the microstructure 
manufactured is a micro-electrical-mechanical system. 



de\ 



85. (New) The method according to claim 25, wherein the plurality of 
microstructures to be mass customized include a micro-electrical-mechanical system. 
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86. (New) The method according to claim 45, wherein the microstructure to 
repaired is a micro-electrical-mechanical system. 
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